Abstract Centella asiatica is a commonly used medicinal plant in Malaysia. As heavy metal accumulation in medicinal plants which are highly consumed by human is a serious issue, thus the assessment of heavy metals in C. asiatica is important for the safety of consumers. In this study, the heavy metal accumulation in C. asiatica and the potential health risks were investigated. Samples of C. asiatica and surface soils were collected from nine different sites around Peninsular Malaysia. The concentration of six heavy metals namely Cd, Cu, Ni, Fe, Pb and Zn were determined by air-acetylene flame atomic absorption spectrophotometer (AAS). The degree of anthropogenic influence was assessed by calculating t h e e n r i c h m e n t f a c t o r ( E F ) a n d i n d e x o f geoaccumulation (Igeo). The heavy metal uptake into the plant was estimated through the calculation of translocation factor (TF), bioconcentration factor (BCF) and correlation study. Estimated daily intakes (EDI) and target hazard quotients (THQ) were used to determine the potential health risk of consuming C. asiatica. The results showed that the overall surface soil was polluted by Cd, Cu and Pb, while the uptake of Zn and Ni by the plants was high. The value of EDI and THQ showed that the potential of Pb toxicity in C. asiatica was high as well. As heavy metal accumulation was confirmed in C. asiatica, daily consumption of the plant derived from polluted sites in Malaysia was not recommended.
Introduction
The industrialization leads to the wide spread of heavy metals, which the uptake of these pollutants by commonly consumed medicinal plants has become a worldwide concern, as these contaminants might be transferred to human through the food chain (Dubey et al. 2014) . One of the widely consumed medicinal plant in many Asian countries (Zainol et al. 2003) is Centella asiatica (family: Umbelliferae), and it is listed in the WHO (1999) as a useful medicinal plant. In Malaysia, it is used in healing small wounds, chaps and scratches and promotes surgical recovery (Ong et al. 2011) . Apart from wound healing, the herb is recommended for treatment of various skin conditions such as leprosy, lupus, varicose ulcers, eczema, psoriasis, diarrhoea, fever, amenorrhea and diseases of the female genitourinary tract and also for relieving anxiety and improving cognition (Gohil et al. 2010) . Nowadays, C. asiatica is commercially available in the market in various forms, e.g. juices, canned drinks, capsules and cosmetic products, shampoo, soap and shower gel. Therefore, it is important to assess the heavy metal uptake of the plants to safeguard the well-being of consumers.
Several studies are required to investigate the potential health risk of consuming plants with heavy metals. These studies include the investigation on the soil pollution, evaluation of the ability of plant to uptake metals, and assessment on daily intake. The metal pollution in soil can be estimated through the calculation of enrichment factor (EF) (Buat-Menard and Chesselet 1979) and index of geoaccumulation (Igeo) (Muller 1969) . These two methods are commonly used to differentiate between anthropogenic-origin and naturally occurring metals, as well as to assess the degree of anthropogenic influence on the presence of certain metals. Whereas, bioconcentration factors (BCF) and translocation factors (TF) are used to estimate the capability of plant to uptake metals (Smolinska and Leszczynska 2015) from soil to roots and roots to shoots. The safety consumption of the plant was assessed through the estimated daily intakes (EDI) and target hazard quotients (THQ) (Zheng et al. 2007 ). The consumption of the plants can be categorized into different degree of risks.
Study conducted by Florczak (2014) confirmed the accumulation of heavy metals in the leaves of C. asiatica. Since C. asiatica is a medical plant with many therapeutic effects and commercial values, the concern about the safety of consumers was raised. In this study, the concentration of heavy metals (Cd, Cu, Fe, Ni, Pb and Zn) in C. asiatica and surface soils collected from nine sampling sites around Peninsular Malaysia was determined. The soil pollution level of heavy metals in Peninsular Malaysia was estimated by EF and Igeo, while the accumulation and uptake of heavy metals were determined using BCF and TF. The potential human health risk from C. asiatica consumption was assessed through EDI and THQ.
Methodology

Sampling and metal analysis
Centella asiatica were collected from nine sampling sites around Peninsular Malaysia (Fig. 1) , namely (1) Permatang Pauh (PPauh), Pulau Pinang; (2) Karangan, Kedah; (3) Kluang, Johore; (4) Butterworth, Pulau Pinang; (5) Universiti Putra Malaysia (UPM), Selangor; (6) Kampar, Perak; (7) Seremban, Negeri Sembilan; (8) Kampung Simpang Renggam (KSR), Johor and (9) Pontian, Johor. These sites were selected randomly with the widest coverage of Peninsular Malaysia, from the north to south. C. asiatica was identified through the distinctive characteristic of long-stalked stem with green, reniform leaves and rounded apices which have smooth texture with palmately netted veins. The leaves are borne on pericladial petioles, around 2 cm. The rootstock consists of rhizomes, growing vertically down. They are creamish in colour and covered with root hairs (Dwivedi et al. 2014) . The samples of the plant were collected from respective sites together with the surface soils (top 3-5 cm).
The plants collected were rinsed thoroughly with distilled water. Then, the root and shoot were separated. The separated plant and the sediments were then dried in an oven for 72 h at 60°C to achieve constant dry weight. Approximately 0.5 g of dried plant parts were digested with 10 ml of concentrated nitric acid (AnalaR grade, BDH 69 %). Then, the digestion tubes were placed in a hot block digester at 40°C for 1 h followed by 140°C for 3 h (Ong et al. 2013a ). Three replicates were done for each sampling site.
Soils collected were sieved with a 63-μm filter followed before aqua regia digestion. Approximately 1 g of each dried soil sample was digested with a mixture of concentrated nitric acid (69 %) and perchloric acid (60 %) in the ratio 4:1. After that, the samples were then placed in a digestion block at 40°C for 1 h followed by 140°C for 2-3 h (Ong et al. 2013b ). The final volume of the digested samples was increased to 40 ml with double de-ionized water in room temperature and then filtered (Whatman No. 1) into an acidwashed pill box. The heavy metal determination was conducted after that.
The recovery test was carried out to check the accuracy of the reading by comparing to the standard reference materials (CRM) DOLT-3 dogfish-liver: Cu (85.93 %), Fe (86.05 %), Ni (101.84 %), Zn (83.94 %), Pb (95.67 %) and Cd (99.90 %). All these tests were conducted in triplicates.
Enrichment factor and geochemical index
The reference readings for EF and Igeo are shown in Table 1 , as recommended by Wedepohl (1995) . The value of EF was calculated as defined by Buat-Menar and Chesselet (1979) in Eq. 1. 
Where Me/Fe sample = the metal to Fe ratio in the soil samples Me/Fe background = reference readings for EF (Wedepohl 1995) In the calculation of EF, the concentration of Fe was selected for the normalization of other metals in the samples as it was a conservative element derived mainly from crustal weathering (Schütz and Rahn 1982) . The enrichment factor is categorized into deficiency to minimal enrichment (<2), moderate enrichment (2-5), significant enrichment (5-20), very high enrichment (20-40) and extremely high enrichment (>40) (Han et al. 2006) . Hakanson (1980) In addition to the recommended concentration by Wedepohl (1995) , references used by CCME (1999) and Hakanson (1980) were also included in this study to compare the concentrations of Cd, Cu, Ni, Pb and Zn (Table 1) . The Igeo value was calculated as demonstrated by Muller (1969) in Eq. 2.
Igeo ¼ Log 2 sample 1:5 Â background ð2Þ
Factor 1.5 is the background matrix correction factor due to lithogenic effects. Seven Igeo classes were recognized on the basis of pollution intensity, namely unpolluted (<0), unpolluted to moderately polluted (0-1), moderately polluted (1-2), moderately to strongly polluted (2-3), strongly polluted (3-4), strongly to very strongly polluted (4-5), and very strongly polluted (>5) (Muller 1969 ).
Bioconcentration factor and transfer factor BCF was defined as the ratio of metal concentrations in roots to that in soils while TF was defined as the ratio of metal concentrations in shoots to the roots (Yoon et al. 2006) . Both BCF and TF can be determined using Eqs. 3 and 4.
Where C n = the concentration of the metal
Associated health risk assessment
In order to evaluate the safety of C. asiatica for consumption, the EDI and THQ values were calculated following the recommendation by USEPA (2009), as shown in Eq. 5.
EDI ¼ Mc Â consumption rate body weight ð5Þ
Where Mc = metal concentration (μg/g) in shoots samples obtained on wet weight bases Body weight = weight of adult was 60 kg Consumption rate = 309 g/day for average vegetable consumers
In this study, a non-cancer risk assessment method was used, based on THQ, a ratio between the estimated dose of contaminant and the reference dose below which there will not be any appreciable risk. The THQ was determined with Eq. 6 as described by USEPA (2000) .
Where EF = exposure frequency (365 days/year) ED = exposure duration (average lifetime of 70 years) CR = consumption rate (309 g/day) Mc = the metal concentration in shoots (μg/g wet weight) RfD = oral reference dose (μg/kg/wet weight/day) ABW = average body weight (60 kg for adults) AET = average exposure time for non-carcinogens (365 days/year × ED) In this study, RfD used for Cd, Cu, Fe, Ni and Zn were 1, 40, 700, 20 and 300, respectively, as provided by the EPA's Integrated Risk Information System (IRIS 2014). Since RfD for Pb was not available according to the EPA's IRIS, the RfD was set at 3.5 μg/kg/wet weight/day as suggested by USEPA (2000 USEPA ( , 2008 .
Statistical analysis
Statistical analysis were carried out using SPSS version 17.0 for the analysis of variance (ANOVA), StudentNewman-Keuls (SNK) for post hoc test, and STATISTICA version 8.0 was used to determine the correlation coefficient in this study (Zar 1996) .
Results and discussion
Concentrations of metals in soil
The overall concentrations of metals in surface soils from nine sampling sites are shown in Table 2 . The metal concentration (μg/g dry weight) in soil samples for Cd, Cu, Fe, Ni, Pb and Zn were 1. 21-3.72, 22.24-146.99, 13,713.00-27917.00, 4.01-13.49, 24.72-179.03 and 26.12-237.11 , respectively. In general, the concentration of metals decreased in the order of Fe > Zn > Pb > Cu > Ni > Cd.
Compared to the reference values in Table 1 , Fe and Ni levels in all soil samples were lower than the reference values. For Zn, the samples from PPauh, Butterworth and Seremban were higher than the references by Hakanson (1980) and CCME (1999), while PPauh, Butterworth, UPM, Seremban, KSR and Pontian were higher than reference values reported by Wedepohl (1995) . All values for Cd were higher than the references values except for Kampar. Meanwhile, all the samples collected showed a higher concentration in Cu compared to Wedepohl (1995) , while Karangan, Kluang and Kampar were lower than CCME (1999) and Hakanson (1980) . Lastly, Pb in all soil samples, except Kluang, was higher than reference values by CCME (1999) and Hakanson (1980) , but when compared to Wedepohl (1995) , Kluang was higher. According to Praveena et al. (2015) , the heavy metal content of the tropical soil in Malaysia was found to be in the order of Fe > Al > Zn > Pb > Cu > Cr > Co > Cd. The content reported was similar to the finding in this research, which the soils from nine sampling sites were generally low in Ni and Fe, average in Cu but high in Zn, Cd and Pb.
High levels of Zn, Cd and Pb in soil were caused by the development in industrial sector. Zn was released into soil through autospray, painting and other automobile wastes (Nwachukwu et al. 2010; Najib et al. 2012) . Massive usage of electronics devices, combustion, steel processing and usage of fungicides and fertilizers also contributed to the high level of Zn in the environment (WHO 2001; Alkarkhi et al. 2009 ). The usage of Cd in industries such as smelting and metal refining released the heavy metal into the environment (Wuana and Okieimen 2011) . In addition to this, the production of batteries, alloys and plastic will also contribute to the release of Cd into the environment (Ong et al. 2011) . The application of numerous biosolids (e.g. livestock manures, composts and municipal sewage sludge) to land inadvertently leads to the accumulation of Pb in soil. Automotive combustion was another contributor the presence of Pb in the environment (Yunus et al. 2014) .
Enrichment factor and geochemical index
In this study, EF was used to assess the level of heavy metals present in the soil due to environmental pollution against the naturally occurring level of the metals in soil. The EF for Cd, Cu, Ni, Pb and Zn were 15. 64-40.35, 2.09-11.62, 0.28-1.20, 3.77-13.17 and 0.66-5.59 , respectively (Table 3 ). According to Han et al. (2006) , Cd in UPM and Kampar showed a significant enrichment (EF 5-20), Butterworth had an extremely high enrichment (EF >40) while a very high enrichment was recorded in other regions . For Cu, all EF values were in moderate level (EF 20-50) except for PPauh, Butterworth, Seremban and KSR which were in a significant level of enrichment . The EF values for Ni in all sites were lesser than 2 at deficiency level. The EF values for Pb at all sites fall under the category of significant enrichment , except for Kluang, UPM and Kampar which were categorized as moderate enrichment (EF 2-5). Lastly for Zn, EF values for Karangan, UPM and Kampar showed deficiency to minimal enrichment (EF < 2), while Kluang, KSR and Pontian were in moderate enrichment (EF 2-5), and PPauh, Butterworth and Seremban recorded a significant enrichment .
A study conducted at Langat River, Malaysia, revealed the EF values for the metals with Cd = 100.59, Pb = 20.32, Zn = 12.42 and Cu = 3.46 (Shafie et al. 2013) . All reported EF values were higher than the sites in this research except for Kampar. Consistently high EF values for Cd, Cu, Pb and Zn in PPauh, Butterworth and Seremban indicated high anthropogenic sources of heavy metals in these areas (Liu et al. 2003) . Soil pollution by these metals was probably a result from industrial, combustion emission, wastewater irrigation and the application of pesticides and fertilizers in agricultural lands. A study in agricultural soils from Yuhang County, Zhejiang, China, revealed a significant enrichment (EF >5) for Zn, Cd and Pb (Hashmi et al. 2013) . It showed a similar trend for all sites in the current study for Cd and some site for Zn and Pb.
The Igeo values in the study were used to evaluate the level or severity of pollution where in this study, the values of Cd, Cu, Ni, Pb and Zn (Table 3) were as follows: 2.98 to 4.60, 0.08 to 2.81, −2.83 to −1.08, −0.04 to 2.81 and −1.58 to 1.60, respectively. Following the categorization by Muller (1969) , all samples were categorized as strongly polluted in Cd (Igeo 3-4) except for Kampar (moderately to strongly polluted, Igeo 2-3) while Seremban and Butterworth were very strongly polluted (Igeo >5). For Cu, Igeo for Karangan, Kluang and Kampar falls under unpolluted to moderately polluted category (Igeo 0-1); PPauh and UPM were moderately polluted (Igeo 1-2), while Butterworth, Seremban and KSR were categorized as moderately to strongly polluted (Igeo 2-3). Igeo for Ni showed all sites were not polluted by the metal (Igeo <0). For Pb, Igeo values falls under three different categories, namely unpolluted (Igeo <0) at Kluang; moderately polluted (Igeo 2-3) at PPauh, Karangan, UPM and Kampar and moderately to strongly polluted (Igeo 3-4) at Butterworth, Seremban, KSR and Pontian. Lastly, Igeo for Karangan, Kluang, UPM and Kampar (Hashmi et al. 2013 ); a similar trend for Cd and some site for Zn (PPauh, Butterworth, Seremban and KSR which were moderately polluted) and Pb (Kluang, Butterworth, Seremban, KSR and Pontian which were moderately to strongly polluted) were observed in the current study. In both EF and Igeo values, Cd in Malaysia showed a high enrichment and significant polluted level. Thus, we shall raise awareness of the public towards the Cd contamination in the environment and also food supplies to prevent Cd toxicity to human health. Furthermore, with the current result from the study showing Malaysia pollution level of Cu, Pb and Zn was heading towards the polluted category, the public shall be given the awareness of the importance of disposing metal waste diligently and minimizing the usage.
Metal correlation between soils and C. asiatica
The levels of Cu and Fe in soil were significantly higher (P < 0.05) than those in shoots and roots of C. asiatica (Table 2 ). In contrast, Ni and Zn in soil showed no significant difference compared to the content in shoots and roots. Two non-essential metals, Cd and Pb, in soils were significantly higher in shoots but no significant level of metals in roots.
The BCF was usually used to indicate the bioconcentration of plants to uptake the metals in soil and to reflect the ability of plants to store the metals. The greater the BCF value, the better the plant in absorbing the metals (Jin and You 2015) . The BCF in C. asiatica from the nine sampling sites presented in Table 4 showed that Zn had the highest BCF, while Fe had the lowest BCF. Plant growth will be affected by high Zn concentration (1000 μg/L) in nutrient solution, and cytological disorders will be observed at lower concentration of 100 to 200 μg/L (Påhlsson 1989) . Therefore, a high tolerance of C. asiatica to Zn was expected.
The Zn content in soils was much lower compared to Fe (52-200 μg/g dry weight, Table 1 ). Zn was one of the essential micronutrients for plants with concentrations generally in the range of 20-120 μg/g for normal growth (Broadley et al. 2007 ). Therefore, the ratio of Zn accumulation in roots to soils was highest among the six studied metals. This was supported by the significant correlation (P < 0.05) between the Zn content in roots and soils as shown in Table 4 with R = 0.83.
In Table 5 , a significant correlation (P < 0.05, R 2 = 0.86) was found between the concentration of Fe in the soil and in the root. However, the low BCF value for Fe (Table 3 ) might be due to the presence of Fe in natural environment (30,890 μg/g, Table 1 ), thus lowering the ratio of Fe accumulation in the root to soil. Fe has redox properties which make it essential for different vital processes in plant cells. But Fe can be toxic as it catalyses the formation of reactive oxygen species if present in large quantity (Forieri and Hell 2014) . Uptake of Fe into plant relies on complex regulatory events that occur in root epidermal cells (Brumbarova et al. 2015) . Therefore, C. asiatica might be able to control the amount of Fe to be uptaken into the plant.
TF reflects the plant's ability to translocate metals from the root to other parts of the plant (Jin and You Table 5 Correlation coefficients between roots of C. asiatica (Log 10 mean + 1) and soil concentrations (Cd, Cu, Fe, Ni, Pb and Zn) Values in italic are significant at the P < 0.05 (two-tailed) level 2015). Plants with higher tolerance to metals always have the mechanisms to restrict the transfer of metals from the soil to root or from the root to shoot, thus lowering the metal accumulation in the biomass. The TF value for C. asiatica showed the sequence of Zn > Ni > Pb = Cu > Cd > Fe (Table 4) . The results showed a close similarity to the study conducted by Tagami and Uchida (2005) on herbaceous vegetation. Zn had the highest TF compared to other metals due to its function as an essential metabolic component (Marschner 1995) . This was supported by a significant correlation (P < 0.05, R 2 = 0.88) between the root and shoot in Table 6 . TF for Ni was high as well because Ni was needed in metabolic processes such as hydrogenation, dehydrogenation and carboxylation. The following are some examples of the Ni-activated enzymes: NiFehydrogenase, carbon monoxide dehydrogenase, acetylCoA decarbonylase synthase, methyl-coenzyme M reductase, superoxide dismutase, Ni-dependent glyoxylase, aci-reductone dioxygenase and methyleneurease (Marschner 1995, Mulrooney and Hausinger 2003) . This was supported by a significant correlation (P < 0.05, R 2 = 0.90) between roots and shoots in Table 6 . The plant transferred lower amount of Cu and Pb, due to the relative immobility of the metals (Zheljazkov et al. 2006) . Pb showed a significant correlation between the root and shoot (P < 0.05, R 2 = 0.90), while the correlation was insignificant for Cu due to the antagonistic effect with Zn (Ong et al. 2013a ). Hence, a high concentration of Zn inhibited the transfer of Cu in the plant.
Cd transferred from roots to shoots was low as it was a non-essential metal. From Table 6 , the correlation between shoots and roots was significant (P < 0.05, R 2 = 0.83). Fe is needed for biosynthesis and other life processes of the cells. Even though the TF was low, the amount of Fe transferred to the shoots was higher compared to other metals. The correlation of Fe content between the root and shoot was significant (P < 0.05, R 2 = 0.83).
Potential health risk associated with consumption
The EDI of metals in C. asiatica was obtained by taking the mean of vegetable consumers in Peninsular Malaysia (Table 7) . For all sampling sites, the EDI values (μg/kg/wet weight/day) for C. asiatica consumer for Cd, Cu, Fe, Ni, Pb and Zn were 0. 43-1.19, 3.17-9.30, 33.21-694.35, 1.53-8.90, 5.31-33.85 and 82.14-191.90, respectively . EDI values for Cu, Fe, Ni and Zn from all sampling sites were lower than RfD by the IRIS (2014). For Cd, C. asatica collected from all sampling USEPA (2000 USEPA ( , 2008 . The THQ for individual metal in Peninsular Malaysia is presented in Table 7 . Out of six metals, Pb posed the greatest health risk, followed by Cd, Zn, Fe, Ni and Cu. THQ values lesser than 1 for Cu, Fe, Ni and Zn indicated that health risk associated with these metals are insignificant for consumers. However, THQ for Pb from all sampling sites were higher than 1, indicating the potential health risk to consumers. For Cd, the THQ values were lesser than 1 with the exception in Seremban. However, the value of total THQ for all sampling sites were higher than 1, indicating the potential health risk associated with C. asiatica consumption.
Conclusion
This study provides a comprehensive study of six metals in surface soils and C. asiatica collected from nine different sites around the Peninsular Malaysia. Based on two different geochemical indexes (EF and Igeo), surface soils was highly polluted by Cd and moderately polluted by Cu and Pb, while no Ni and Zn pollution was indicated. TF and BCF values indicated Zn and Ni were transferred from the soils to roots and eventually to shoots of the plants, in which the results were supported by correlation studies between soils, roots and shoots. In reference to THQ values, consuming C. asiatica on daily basis would significantly increase the risk of Pb toxicity, but not for Cd, Cu, Fe, Ni and Zn. Therefore, the consumption of C. asiatica is not advisable on daily basis and consumers should be advised of the presence of the toxic metals.
